Development and commissioning of RIken Cryogenic Electrostatic ring (RICE)
We have been developing a cryogenic electrostatic ion storage ring (RIken Cryogenic Electrostatic ring, RICE) since 2010 to explore especially the cooling process and collision dynamics of the cold molecular ions in the specific vibrational and rotational state. Such cryogenic storage rings for atomic, molecular physics and chemistry are presently in operation in Sweden [1] and under construction in Germany [2] . Table 1 summarizes specifications of the RICE. The maximum energy of stored ions is 20 keV. Circumference is about 3 m, which is about a half or one third of typical room temperature electrostatic rings. Electrodes to confine ions in a race-track shaped orbit consist of two sets of 10 degree, 160 degree and 10 degree deflectors and four sets of quadrupole doublet lenses. In the straight sections, four sets of foursegmented pick-up electrodes are placed to monitor the beam position. A drift-tube-type buncher consisting of three cylindrical electrodes is also installed in the middle of one straight section. All of the electrodes are made of oxygen free copper and enclosed in a cryogenic inner vacuum chamber (IVC) which is covered by a radiation shield made of Al. The IVC and the radiation shield is cooled by three GM type cryocoolers whose cooling capacity is 3 W at 4.2 K in total. The system is enclosed in an outer vacuum chamber (OVC) for thermal isolation.
Following the assembly work, we tested cooling and vacuum performance of the ring. After 150 hours of cooling, Si diode temperature sensors attached to the IVC showed 4.7 K or less. A pressure gauge attached to the pumping station, which is connected to the IVC but is in the room temperature section, showed 1.8×10 −11 Torr. Considering the pumping speed of the cryogenic chamber wall and conductance between cryogenic and room temperature sections, the pressure in the IVC is expected to be better than 10 −13 Torr.
For the commissioning of the ring, an ECR ion source is connected via a transport beamline. 15 keV Ne + ions are injected into and stored in the ring. We confirmed stable confinement of the ions by monitoring the number of Ne atoms which are produced through neutralization by the collisions with residual gas and deviate from the trajectory in the ring. The maximum confinement time defined as a time constant assuming exponential decrease of the number of stored ions is 50 s so far. 
